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A Roof Vent System Which 
Prevents Roof Loss / Lift Off in 
ffigh Winds 
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ARGUMENTS / PROSECOTION 

/ 

Addressing the issue of patentabiUty, I would like to outline what I understand the criteria 
for the grant of a patent to be. I will then explain how I see my invention fulfilling those 
criteria. FinaUy, I will compare my invention to the prior art that I have found in order to 
highlight the diflferences. 

To be patentable in the U.S. an invention must be new, useful, and unobvious from the 



prior art. A utility patent must fit into 

1) A process 

2) A machine 



one of foxir categories: 



3) An articlej of manufecture 

4) Composition of matter 



A process can also include a new method of making or using something already known in 
the other categories. My invention II believe can be looked at as a new method of using 
something already known in anothfer category. Previously, vents have been used for the 
purpose of equalizing pressure. Several patents have been written and granted for a variety 
of vent designs that act to equaliJe or relieve pressure differences across a roof. No one 
however, has made use of a vent's ability to limit the maximum pressure difference that 
can occur. 



I am applying for the grant of patent rights for a roof vent system. The new and useful 
thing which this system achieves, is the prevention of a pressure difference greater than a 
specified value across the roof, (i.L. between the interior and exterior of the building) and 
thus the prevention of roof loss. (The specified value is set so as to be lower than the 
pressure difference needed to lift off the roof). It is to note that it is only as a 

vent system, (an entity in itself) insjtalled using specific parameters that the objective of the 
invention can be achieved. 




The use of venting in the roof of a building to equalize pressure is not new. There are 
several patents that I have found in my search which deal vdth ti^^ 
as their stated olgective the equalization or reliefpf a pressure diflference between the 
interior and exterior of the roofjjstress-again-that )bis is distinctfy diflferent from \s*at my 
roof vent system achieves. Any hole such as a chimney flue or even a crack in a roof will 
allow for the equalization of pressure eventually. It will not necessarily however, prevent a 
pressure difiference that is sufScient to lift off the roo£ from developing. (This pressure 
difference is quantified by measuring the weight/area of the rooC the tensile strength of the 
roof material, and the tensile strength of the connections attaching the roof to the walls.) 

Gf ^hical representation of the distinction bet ween using a vent to eouali/e 
pressure and mv vent system which prevents a specific pressure 
difference fi^m occurring farbitrarv values and units used) 



Use of vents ?fl"^!?y pripssure 




Time 



Any pressure difference greater than 1 unit has been shown sufficient to lift off the roof. It 
can be seen that as soon as the pressure difference became greater than 1 the roof blew 
off Equalization of pressure through venting would hypotfaetically have been reached if 



the loof had lemained oa As it happens equalization occurred much sooner (as soon as 
the roof came oS). 



Use of vents to limit tiie pressure differeiiOCCCigiaAlBgf 



Pressure 
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Again, let it be accepted that roof lift off (loss) occurs at 1 unit pressure difference. At no 
time is a pressure differrace aUowed to occur across the roof i^ch is greater than 1 . Thus 
the roof will not lift off. 

To ensure this relationship between the two curves, a calculation that takes data about the 
worst-case scenario pressure change above a roo^ the volume of the building in question 
and various other parameters is used. The resulting equations generate a value for the 
surfiu^e area of open roof venting required to ensure that the ulterior and exterior pressure 
curves maintain acceptable relative positions. No equations of this nature are evident in 
the prior art that I have uncovered. Tlus &ct highlights the claim that my invention is new 
and distinct from the prior art, because it is onljr through the use of such equations that the 
atnlity of a vent to limit a pressure difference actual^ becomes usefiiL Thus, prior art 
showed an appreciation of a vents ability to equalize pressure, however no understanding 
of the &ct that a vent may be used to limit a pressure difference is in evidence. 



In summary, my arguments are that: 



1 . A roof vent system that prevents roof loss due to high winds is certainly useful. 

2. It is new as fer as any prior art that I have uncovered. The use of vents to equalize 
or relieve, pressure is not new, but the use of a roof vent ^stem to prevent a 
pressure difiference greater than a specified value across a roof is new. 

3. I feel that once this has been explained to someone it should be obvious. However, 
I think that everything is 'obvious' once one has had it explained and understands 
it. The best argument for not being obvious is probably that if this invention is very 
useful, and it has not been patented or inq)lemented anywhere, then it cannot be all 
too obvious. 



nFTAn.RD DESCRIPTION 



SUMMARY 



This system works by limiting the pressure difiference that may occur across a roof. 
Initially a quantification of the greatest pressure drop that can possibly occur above a roof 
per unit time must be arrived at. (Data collected firom hurricane and tornado events). 
Next, the allowable pressure difference that may occur across the roof must be measured 
(the allowable pressure difiference is less than the pressure difference required to lift oflFthe 
roof). This allowable pressure difiference acts as the maximum potential driving force for 
air evacuation fiom the interior of the building. It also dictates the parameters within 
which the building's internal pressure curve must follow the external curve. Finally the 
volume of the building must be measured. From this the mass and volume of air that must 
be evacuated to keep the internal pressure curve within the acceptable pressure difference 
from the external curve can be calculated. Three equations for which there are three 
unknowns can then be writtea Thus a solution for the minimum vent area required can be 
arrived at. 

In the sin9>lest sense, a known force is expelling a known quantity of air from an enclosed 
space. It must be done within a set time limit. Thus the value of the minimum area of 
venting required to do this can be solved for. 



FORCES ACTING ON A ROOF 



As fest flowing air passes over a roofi there is a resulting lowering of pressure. (Venturi 
effect and turbulence) 




Fast moving 
AircreatiDg 
Lower pressure 



Stiil,unniovmgairat 
Relatively higher pressure 



Thus the pressure outside the roof is lower than the pressure inside the roof. Pressure is a 
force/unit area. In order for the roof to lift off of a house, the forces acting upwards must 
be greater than the forces acting downwards. 



The weight of the walb and 
concrete pad can add to the 
effectiviB roof weigbt depe ndin g 
upon die tensile stno^ of the 
connections (eg. osls, screws, 
brackets, hurrieaoe loof 
beams) 



External air 




In the simplest equation format, if 



r Weight of Roof ^ g^^^ p^^^ ^ p^^^ 
I Unit Area J 



then a roo f will ahvays stay on. There is no net force upwards. 

It should be possible to quantify with a degree of accuracy the minimum tensile strength of 
the connections linking the roof to the walls as well as tte m ini mum tensite strength of the 
loof material itself These fectors can then be incorporated into the above equation to give 
a more accurate value for the ma^dmum allowable pressure dififoence. 



Weight of Roof a, ^ p , External Pressure ^ Internal Pressure 

2- + Tensile strength of connections + rr-r-r ^ — TTZn 

Unit Area Unit Area Unit Area 



Weight of Roof ^ ^ ^ ^ Internal Pressure - External Pressure 

— ^ + Tensile strength of connections ^ ttttz 

Unit Area Umt Area 
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These equations illustrate that the air pressure difference between the interior and exterior 
of the building acting upwards must at all times be less than the weight/area of roof plus 
the &ctoied eflfect of the tensile strength of connections and roofing material acting 
downwards. 

In order to allow air to flow across the roof and thus control this pressure diflference vents 
are used. 



PREFERRED VENT DESIGNS 



Ideally^ one wants the vent design to be as streamlined as possible so that the air passing 
through the vent is travelling at the same speed and creatmg the same lift effect as the air 
fltowing over the adjacent roo£ Wind tunnel tests that quantify the friction of air flowing 
through the vents will allow a compensating adjustment of the calculated minimum ventmg 
area required. (This friction is that experienced by the air passing in under the vent cap and 
out the other side, not the air moving from the interior of the building through the vent to 
the exterior,) 

l)V^nt design (A) 
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Plug in closed pofi^tkm 





Details of plug shaft and biace mechanism 
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Vent (A) Pgrforfnance Pomts 



1) Cq) prevents lain fix>m entering, (even 

2) Cap is analler than base plate so that bars slope in. This makes it more difBcult for 
bk>wn debris to catch on the vent. 

3) Vertical bars are spaced such that the gap size doesnt allow bees access, (vents cannot 
become hive sites ) 

4) Any water that does enter the vent shaft is collected and channeled through a tube into 
the drains. The tube might alternatively direct tibe water outside the building, if this 
proves easier. 

5) The central plug is 'fieefloalii^* on a central shaft. Its wc^t/ area is, fetu^ 

of the maximum allowable pressure diflference. This means that at a jwessure difference 
greater than 60% of the maximum allowable the plug win be pushed up, thus opening 
tte vent. (The 60% figure is set so that the vent will be open by the time the maximum 
allowable pressure difference is reacted. I.e. wind acceleration from 60% to 100% 
does not outpace the speed at which the vent opens. This 60% value nwght need to be 
50% or 90%, whichever is calculated as ^propriate.) 

6) Once the central plug is pushed up it acts like an airplane wing. Air rushing through 
tte vent 'flies' the central plug up on its shaft. The vent stays open as long as high- 
speed winds are blowing through it. When the vond speed drops the plug sinks down 
to ctose the vent. 
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Ceiling venting surface area must be calculated to 
evacuate the volume beneath it. 
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2 Went Design (B) 




Cross-sectional view 
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^ Went design (Q 



Closed Pofiitiao 



Cap (plug) 




Rods slide through holder as 
plug lifts or &Us 



Onl|y two of die ttate support rods are 
visibte in dK cross-sectioa view. 
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n^inGpaipcsiticn 





ph^ lifts or fiDs 
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Plig is fixed to support nxk The rods slide up and 
dovvn throu^ holders to allowplMg to lift or droi^ 



Vent (O Per formance Points 

1 ) Cap prevents rain fcom entering, (even most horizontally blown rain). 

2) Any water that does enter the vent shaft is collected and channeled through a tube 
into the drains. The tube might alternatively direct the water outside the building, if 
this proves easier. 

3) The central plug and its three support posts are free floating. Its weight / area is, 
let us say 60% of the maximum allowable pressure difference. This means that at a 
pressure difference greater than 60% of the maximum allowable the plug will be 
pushed up, thus opening the vent. (The 60% figure is set so that the vent will be 

19 



open by the time the maximum allowable pressure diflference is reached. I.e. wind 
acceleration from 60% to 100% does not outpace the speed at which the vent 
opens. This 60% value might need to be 50% or 90%, whichever is calculated as 
appropriate.) 

4) Once the central plug is pushed up it acts like an airplane wing. Air rushing 
through the vent 'flies' the central plug up on its shaft. The vent stays open as long 
as high-speed winds are blowing through it. When the wind speed drops the plug 
sinks down to close the vent. 

All of the preferred vent designs need only be opened in hurricane/tornado conditions. 
The rest of the time they remain shut to prevent heat loss from the house. 
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rONSTDERATIONS OTHER TH AN VEhJTS 

Increasing the weight of the roof wiU make it more difScult to lift oflF(e.g. attach 
weights to rafters, or the plywood roof sheeting). The disadvantage to this 
however, is that in the event of a building collapsing or being blown down there is 
the potential for a lot of heavy weight landing on someone. 
Decreasing wind speed over the roof. (I am not convinced that it would be 
possible to effectively limit wind speed by creating a certain roof profile) 




3) Increasing the tensile strength of roof connections and roofing materials. This 

should be effective, however it means replacing existing roofe with higher quality 
materials, \Aach is e3q)ensive (both the materials and the cost for replacement). 

Each methodology has its distinct advantages and drawbacks. I suspect fliough, that the 
cheapest and most effective way to prevent a building firom loosing its roof will prove to 
be the vent system approach. 



1) 



2) 



21 



THE USE QV VF.NTS. A CAT.Cin.ATED NUMBER (SURFACE AREA OF O PEN 
VKNTING't WITH RESPECT TO VOLUME OF BUILDING. 

In order to calculate the surfece area of open venting (number of vents) that a 
given building requires to prevent roof loss the following series of steps must be taken. 

A) The greatest pressure drop per unit time that can occur above a roof must be 
quantified. 

B) The pressure difiference across the roof that is allowable for each type of roof 
construction must be measured. (i.e. the pressure difiference that a given type of 
roof will tolerate before it is blown off) 

C) Using the information from A and B the pressure change (drop) per unit tone 
that must occur inside the building can be quantified and the venting area required 
to achieve this can be calculated. 



A) 



nj 

H 

Ms 

Q 1) Data of wind accelerations must be taken. (Can be found or measured at a 

meteorological station, nulitaiy records, or from storm chasers recordings) 
What is needed is the maximum wind acceleration ever recorded, i.e., the 
festest change of wind speed observed for the type of storm event that you 
wish to rate the building for. 

2) ^ The longest time for which wind has accelerated must also be measured. (I.e. 
Wind accelerating at a maximum value for a maximum time period will give a 
maximum pressure change per unit time that may occur above a roof) 
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3) Altemativejy as an almost overkiU approach take the fastest wind veloeity recorded 
(e.g., might be 180 mph in hurricane situations or up to 300 mph in a tornado). 
The data you choose to input is aimed at quantifying the theoretical worst-case 
scenario for pressure change above a roof. 

Take the value of the maximum recorded acceleration of wind and apply it from 
velocity = 0 up to a maximum wind speed expectation. This will give the greatest 
pressure change over the smallest time period that can theoretically occur above a 
roof (One might even choose as insurance to put in values slightly larger than have 
been measured.) 



Graph of Maximum Measured Acceleration of Wind from Ompii to 
Maximum Wmd Speed Expected 
(Hurricane protection speed) 

(an example, not teal data) 




The next step is to link a given wind speed to a specific pressure value. This data can be 
generated using a wind tunnel and any suitable pressure-measuring device. 

Using the wind tunnel blow wind speeds &om 0 mph up to your maximum expected 
velocity. Take the pressure-measuring device and measure the greatest pressure drop that 
corresponds to each wind speed. From this a graph of pressure versus wind velocity can 
be plotted. Obviously initial atmospheric pressure may vary, however it is the pressure 
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change between velocity 0 and the maximum expected velocity that it is important to 
quantify. 

Potential Graphs of pressure w.r.t Velocity of Wind 

(actual graphs will take the form of one or some combination of the following) 




Wiodwiodir Windwlociiy 



Prcniue 

Concave iq) 




Using the pressure relative to velocity resxilts plot pressure versus time based on the 
maximum measured wind acceleration to reach the maximum expected wind speed. This 
produces a graph, which describes the greatest pressure change that can occur in the 
shortest possible time above a roof: In other words, the worst-case scenario that would 
need to be dealt with. 
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Graph of Pressure w.r.t Time 
(graidi will be in one or some combination of these fonns) 




Incorporated with this must be a consideration of the atmospheric pressure shift that is 
associated with ambient *still air' atmospheric pressure (recorded as barometric pressure). 
The rapidity with which this may cause a pressure change above a given location should be 
factored in with the maximum pressure change value associated with high-acceleration 
winds. 

An alternative and supporting quantification method would be to set a continuously 
recording pressure-sensing device out in various high wind events (hurricane, tornado). 
This would provide data for conq)arison with wind tunnel tests. 

It is perhaps inportant to note that rating a building for a certain wind velocity is 
misleading as a rating standard. This rating is done in a wind tunnel where air speed is 
gradually increased to a certain value. This means that the pressure drop associated with 
high-speed wind above the roof is also gradual. Any minute gaps in a model building's 
joints, which are inevitable in any construction, will allow the relatively higher-pressure air 
inside the model to be drawn out. Thus as long as the air velocity increase above the roof 
is gradual, the roof may not lift off. True control however, is onfy achieved when worst- 
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case pressure drops per unit time are quantified (Le. maximum wind accelerations and 
their maximum duration). If wind velocity is the only yardstick used one might find that a 
roof will withstand gradual wind speed increase up to llOmph, but a sharp gust between 
60nq)h and 90oq)h is sufBcient to lift off the same roof 

B} 

The pressure diflFerence between the inside and outside of the building must at all times be 
below a certain value. That value is the one at which point the roof will lift oflF. As 
explained earlier this value can be calculated very exactly using the weight of the roofi'unit 
area, the tensile strength of attachments to walls, wall weight etc. However, one could 
also just buDd in a safety margin and make the maximum allowable pressure diflFerence the 
weight/area of the roof (V5 weight/area or i.e., whatever safety margin one chooses to 
create). 

I will show scenarios using the weight/area of the roof as the allowable pressure 
diflFerence. 

It should be noted that pressure acts perpendicularfy to a given surfece. 




So in the case of a roof the pressure acts perpendicularly to the roof surfece whereas 
weight acts direct)^ downwards. 
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Thus more accurately the pressure diflference must be less than the weight/area (cosd) to 
prevent roof loss. 

Pressure inside - Pressure outside = P* (pressure diflference) 
jP* must be less than roof weight/area (cosS). 
P* < weight/area (cos&). 



Knowing the worst case exterior pressure change (worst-case scenario data) one knows 
what the interior pressure must match to stay within the allowable P* 



27 



Demonstratioii Graph (straight line example) of Exterior and Interior 
Pressure Changes 

(exterior pressure is from worst case scenario data) 




-I 1 1 1 1 1 1 

TiBM 

The above graphically defines what the interior pressure cxirve must be to be useful (Le., 
prevent roof loss). Now it is necessaiy to calculate the area of roof venting (number of 
vents) necessary to achieve this. 

1) Calculate the number of moles of gas (air) which must be removed fi-om the interior of 
the building to bring the pressure difference within the allowable P* at the point of lowest 
external pressure (max wind velocity). The interior of a building can be treated as a closed 
system, and the ideal gas equations can be applied. 

Using the gas equation PV = nRT 

P = pressure n = number of moles 

V = volume R = gas constant T == ten^jerature 



I will be using the sign i to indicate a known value 
The initial interior pressure = initial exterior pressure. 
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The external maximum pressure change quantified in section A) does not have set starting 
and finishing points. The value represents only a maximum pressure change, which can be 
encountered. In a building with fixed volume and where R and T are constants it does not 
matter what starting point is takea Whatever your starting pressure, if the maximum 
potential pressure change is subtracted fi"om this the number of moles to be evacuated is 
always the same. (Within the constraints of the ideal gas equations). Later, however, when 
a value for the average pressure is required in order to calculate the volume of air being 
evacuated through the vents, a set starting point is needed. This set starting point should 
be the lowest barometric pressure recorded in association with the high wind event for 
which you are rating the building. This will maximize the volume of air to be evacuated 
thus providing a built in safety margin. 

Thus the number of moles of gas initially inside the building can be calculated: 

i i i i 
PV=nRT 



PV 

n = 

RT 



call this rii (n initial) 



Pressure is known/set as e^lained above 
Volume of building is known/measured 
R is the gas constant 
T mtast be set 

Temperature can be set at a typical value for the high wind event that you wish to rate the 
building for. (To be on the safe side, set the temperature at a lower value than it is ever 
likely to be: This will make the n (number of moles) to be evacuated larger than it will 
ever have to be. I.e. another built-in safety margin). 

For the final interior pressure, take the value of final exterior pressure + P*, since it need 
only be low enough to remain within the allowable P* constraint. 
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# 



Again using 



i i i i 



?V=nRT 



n- * call this w/Ci^fi^) 



Again, n (number of moles) is calculated and this w/represents the maximum number of 



moles that may remain in the building to meet the P* constraints which have been set. 

Thus Ui - nf = n moles of gas which must be evacuated from the building to keep P* within 
its set constraints. 

This n moles of gas will have a certain mass (i.e., composition of air %N, O2, CO2, etc.) 
which can be calculated. 

The volume of gas that must leave the building can also be calculated if the number of 
moles that must be evacuated is known. 



n is known 

R is constant 

T has been measured/set 

P average pressure can be calculated 

Pressure is changing over the time period. A fixed number of moles of gas will occupy 
more volume at low pressure and less at high pressure. By using the value of the average 
pressure over the time period, the volume of air that must exit can be calculated. 



VsiDgPV = nRT 



nRT 
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Summary of what is known for any g iven building 

(I.e. what can be calculated) 



1) The time over which the pressure change occurs (worst-case scenario data). 

2) The number of moles that must be evacuated from the building. 

3) The mass of gas that must be evacuated. 

4) The volume of gas that must be evacuated. 

5) The P* (this is measured for a given roof material and is a set value). 



Now it is possible to write some equations. 

(1) The equation for the volume of air exiting the building 

volume ^vo/; = vent area ^are^; x ^v; average air velocity x time air is flowing 

through vents through vents 

(2) Pressure = Force 

area 

This is the driving force of the air leaving the vents (P*). 

^ Mass of air (m) x acceleration (a) 
area 

(3) We have set a mayimum allowable P* This means that acceleration is constant 

once P* is reached, (P* is constant and thus acceleration is constant over the 

critical time period.) The following equation can be written when acceleration is 

constant and it acts to link the first and second equations. 

, a (acceleration) t (time) 
(v) velocity (average) = — 

This equation is only true if the initial velocity is zero. That is not the case here. 
When P* is reached the initial air velocity through the vents is definitely not zero. 
This means that the actual average velocity generated by this P* will be higher than 
the value given by this equation. It therefore follows that the minimum vent area 
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given by this equation will be slightly larger than the actual minimum vent area 
required. This can be looked at as a cushion, or safety measure. A more con^ilex 
and accurate equation can I am sure be generated later if necessary. I will use this 
simple equation to illustrate that it is possible to quantify a minimum vent area 
required to keep a P* value within its set constraint. 

So taking these three equations with the three unknowns, it is possible to substitute and 
solve for a minimum vent area required to ensure that stays within its limit. 

(1) vol = areaxvxi 



(2) 



force _ ma 



area 



area 



(3) 



at 

v = — 



2 



Substituting (3) into (1) gives (4) 



(4) 



vol 



areax 




from (2) a 



i 

areaP* 



substitute this into (4) to give (5) 



(5) 



I 

vol 



areaP* i 




areax 
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vol = area — — 

As previously stated 4^ indicates known values so the area can be solved for: 

J~ T 
t t 

Terminal Velocity 

When the P* for equation (6) is set and the area of open venting required is calculated, no 
account of the resistance of friction was taken. The next step is therefore to include this 
to give a more accurate equation. 

The friction force will oppose the drive of the P* force, meaning that a given P* will result 
in a smaller acceleration and therefore velocity than projected, with a consequent decrease 
in interior pressure change/time. 

The friction (f) offered by a given area of venting is related to the vent design, and the 
velocity of airflow, 

f=kv for low wind speeds 
f = kv^ for higher wind speeds 

In order to quantify the friction, tests must be run on the vent type chosen 

( 1 ) Maintain a known constant pressure difference. 

(2) Measure the terminal wind speed through the vent, ie., the maximum wind speed 
which results from that set pressure difference. 
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□ 



At terminal velocity (Vi) 



P* 

for low speed wind P * -kv, = 0 -> v, = — 



for high speed wind P*-Arv/ =0-> v, = 



force (ma) 

Note that P* represents a ^ 

area 



The total force will therefore be x vent cross sectional area 

area 



5 Thus with a known set P* and a recorded terminal velocity it is possible to calculate a 

value for k for that specific vent type. This value corresponds to a certain area of vent 

^ . ma 

W (i.e., vent surfece area dictates total force (ma) exerted since driving force P* is — — ) 



H The equation: 

nj 



ill- p*_jl 



(A) -^^P* 

area area 



can be written firom Newton's second kw (low speed) 



' k area 

Using an area corresponding to the cross-sectional area of one vent is convenient since 
that is what k and values are based on. 
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Now (A) can be written 



(A) m — ^ma-kv and ^''^T' 



divide (A) by -k 



-mdv^_ -ma 
Tdt' k 



■ + v 



substitute -v, for 



•ma 



-m dv 



= -V, + V 



01 



o 
nj 



-k . V, -V 

1 = £n- 



m 



[-> 

,u; =i__L 



(B) v = v' 
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Equation (B) can be substituted into equation (1). The definite integral of equation (B) 
between any two time limits will be a more accurate replacement for the v (average 
velocity) multiplied by t (time air is flowing) portion of equation (1). 



volume = total vent area x Jv^ 



V, -v,e = 



v,t + Vf—e 
k 



(D) Total Vent Area = 



i 

vol 



m nt 

T t k 



JO 



Equation (D) would be correct for low velocities of air flow where/ = kv. 
For high velocity where / = 

P*-Jfcv^ =0 at V, 



'^T'^^kiarea) 

Again, make the area the area of the roof vent since k&vtaic calculated from that. 



m— = ma-kv^ divide both sides by k 
dt 



m dv _ma _ 2 



, , 2 ma 
substitute V, = — 

k 
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m( 1 ^ vf -v^ 



kVdtJ dv 



-dt=- jdv 

m V, -V 



im Jv/-v 



— / = in 

m 2v, 



V, +v 



v,-v 



2v.—t = tn 



m 



V, +v 



v,-v 



+v 



v,-v 



(E) 



2v,Jt ^ 



V = 



1+e 



As before the definite integral of equation (E) will be a more accurate replacement for the 
V (average velocity) x / (time air is flowing) portion of equation (1). 
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(1) vol = total vent area x J- 



2v k . . 

let c = — — to make the notation easier 

m 



du ct 
— = e c 
dt 

II substituting u and ^ 
dt 



J*- 

^ u 



Equation F 
Total Vent Area = 



i 

Vol 



2v,*, 



1+e 
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These equations are true for the straight-line scenario of external pressure change. 
Pressure 




4— 1 1 ^ » 

Time 

They hold true for any pressure drop, which is a straight-Une graph between two tune 
points. They are therefore also true for a curved graph pressure drop as long as the 
increment / taken is tended to 0 (Le., very small so appears like a straight line). 



Pressure 




Looking at the previous example graph, if equations (6), (D) or (F) are used with the end 
points / = 0, r = 3, the predicted vent surfece area required will correspond to the straight- 
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line pressure change. P* will go above and below the preset constraint and so will not 
represent a maximum allowable F*. 

To get a solution for vent surface area that most accurately and con^letely constrains the 
maximum allowable the point at the steepest gradient of the curve must be taken. 
Using that gradient line, apply the equations (6), (D) or (F) (whichever is chosen as 
appropriate). 

The vent area calculated from this will be the minimum required to absolutely ensure that 
the P* designated represents a maximum allowable (safety margins fectored in). 



SOME POINTS FOR OVERALL SYSTEM SETUP 



In many buildings/houses there may be a space below the roof. 



The vent system must be in place 
between space A & B, space B & C and 
spaceC&D. 




The vent system must be in place between space A&B space B&C and space C&D. 
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Between floors a stairway will probably be sufficient surfece area (allow sufficient volume 
flow) 

Rooms with doors that might potentially be closed must have vents. One would choose 
from equations (6), (D) or (F) to calculate the surface area of venting necessary to 
evacuate each room's volume. 



Roof venting must be calculated to evacuate the 
volume of the entire building 




b 
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F AVF.S AND PORCHA^RANDAHS 

It will also be necessary to place vents in the eaves and any porches on a building. 
What tends to happen in these regions is a build-up of pressure (still air) away torn 
biiilding. 
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In order to quantify the vent area required place pressure sensors in the eaves and porch of 
a model structure. Then blow worst-case scenario test winds over the model and add vents 
until the acceptable P* is achieved. A vent number/area is thus generated. Blow winds 
from all directions and use the maximum vent number/area value generated. 

VENT PLACEMENT 

The area calculated as being the minimum required to ensure that a roof does not blow off 
could be divided up into many vents, or it could be built as one giant vent. This system is 
designed to work when the whole roof (and thus the entire minimum required venting) is 
e3q)osed to the high wind situation. The scenario depicted below shows a situation that 
requires a modification to the system's parameters. The pressure decrease due to high 
winds only occurs where there is high-speed airflow. 
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The design of the above building means that the minimum possible roof surface area 
exposed to high wind is i4 of the total roof surface area. The calculated minimum surface 
area of venting required, must therefore be present on both sides of the roof (Pressure 
reduction due to drag/turbulence on the leeward half of the roof is ignored as a potential 
air evacuating force.) 

It is apparent that the house profile must be studied, and the direction firom \s*ich the 
wind blows over the least roof surfece area ascertained. That roof surfece area must have 
the calculated necessary area of venting to prevent roof loss. The same formula must be 
applied to every wind direction and related roof surfece area exposed. 
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